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Objective. Evaluate the spatial distribution of health services in primary care according
to the characteristics of social vulnerability in the city of Manaus, Amazonas, Brazil.

Methods. Selection of the census tracts that compose each human development unit
was performed, creating a geographic database. Indicators were selected for each
territorial unit and two constructs of social vulnerability were predicted using principal
component analysis: one crude and other weighted by the population size. Four maps
were created showing quintiles distribution of the constructs, with an overlap of spatial
distribution of the coverage area of the family health and oral health teams. The
descriptive analyzes of each map were performed.

Results. 62.1% of the territories of the existing family health teams and 74.2% of the
oral health teams were located in areas of greater social vulnerability, represented by
the two worst construct quintiles. However, when considering the resident population,
an increase of the teams coverage in areas of lower weighted vulnerability was
observed.

Conclusion. Despite low coverage the health teams were concentrated on areas of
greater social vulnerability. Considering the population distribution of the municipality
would allow an even more equitable distribution of health teams regarding
organizational accessibility once it is expected that an equitable geographical
distribution minimize barriers to access and improve the health conditions and quality of
life of the population. The differences in levels of social vulnerability must be considered
when making health policies, especially in places where the healthcare territorial
coverage is low.
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RESUMO

Objetivo. Avaliar a distribuicdo espacial dos servicos de saude na atencdo primaria
segundo as caracteristicas de vulnerabilidade social no municipio de Manaus,
Amazonas, Brasil.

Métodos. Foram selecionados os setores censitarios que compdem cada unidade de
desenvolvimento humano, gerando uma base de dados geogréfica. Indicadores foram
selecionados para cada unidade territorial e dois construtos de vulnerabilidade social
foram preditos por meio de andlise de componentes principais: um bruto e outro
ponderado pelo tamanho da populagdo. Foram gerados quatro mapas representando a
distribui¢do por quintis dos construtos, com uma sobreposi¢éo da distribuigdo espacial
das areas de cobertura das equipes de saude da familia e equipes de saude bucal.
Foram realizadas andlises descritivas de cada mapa.

Resultados. 62,1% dos territérios das equipes de saude da familia existentes e 74,2%
dos territérios das equipes com saude bucal localizavam-se em &reas de maior
vulnerabilidade social, representadas pelos dois piores quintis do construto. No
entanto, ao se considerar a populacdo residente foi observado um aumento da
cobertura das equipes em areas de menor vulnerabilidade ponderada.

Concluséo. Apesar da baixa cobertura, as equipes de saude avaliadas concentravam-
se em &reas de maior vulnerabilidade social. Considerar a distribuicdo populacional do
municipio permitiria uma distribuicdo ainda mais equanime das equipes de saude em
relagdo a acessibilidade organizacional, uma vez que se espera que uma distribuicdo
geografica equitativa minimize as barreiras ao acesso e contribua para a melhora das
condi¢des de saude e da qualidade de vida da populagédo. As diferencas nos niveis de
vulnerabilidade social devem ser consideradas no delineamento das politicas de saude,
especialmente em locais onde a cobertura territorial dos servigcos de saude é baixa.

Palavras-chave: Servicos de salde. atengdo primaria a sadde. analise espacial.
indicadores sociais.

INTRODUCTION

The way health services are spatially distributed, especially in primary care, is one of the
fundamental conditions for the search for equity. Although equity in health, related to the
determinants of morbidity and mortality, may sometimes be considered different from equity in
consuming health services, they both are an expression of social inequalities. It means that, like
other aspects of lifestyle related to the realm of consumption, the access and utilization of health
services tend to reflect the levels of inequality existing in society (Travassos, 1997; Cirino et al.,
2016).

Defined in different ways, the prevailing concept is that access to health services is a dimension
of the performance of health systems associated with health services delivery (Andersen, 1995;
Travassos e Martins, 2004; Assis e Jesus, 2012). The use of health services is an expression of
access, comprising all the direct or indirect contact with health services. The interaction of factors
related to the delivery and demand of health services modulate the access and use of these
services. In relation to the delivery, the physical existence of services is the main condition, from
which emerge the aspects related to the geographical accessibility (location, access routes, public
transportation), cultural (patterns of care and norms of conduct, acceptable or not by the
population), economic (payment for services) and organizational (the way the service is
organized). Regarding the demand, the main determinant of the use of services is the health state
or need, expressing the perception of a problem by the users (Mendoza-Sassi e Beria, 2001;
Travassos e Martins, 2004; Barata et al., 2007; Barata, 2008).

All of these conditions influence the manner and amount of health services consumption. A health
policy with the characteristics of the Brazilian Unified Health System (SUS) should compensate at
the level of consumption the inequalities produced by the social organization, through the
principles of equity, universality and integrality, The SUS should organize the provision of services
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eliminating barriers between the population and health care, be they economic, social or cultural.
So, considering the social vulnerability when planning and programming health care, including the
spatial location of health services, is crucial to reach this goal, through a system based on equity
and social justice (Munoz Sanchez e Bertolozzi, 2007; Barata, 2008; Paim e Silva, 2010).

Identifying whether services are located in the areas that present the greatest health needs can
contribute to public health planning, allowing a more rational allocation of services and resources,
as well as facilitating the delivery of more effective and efficient actions. The aim of the study was
to evaluate the spatial distribution of health services in primary care, including oral health,
according to the social vulnerability characteristics of the territory of the city of Manaus, Brazil.

MATERIALS AND METHODS

The study design was observational, exploratory.

Health service

The Municipal Health Secretariat provided information about the spatial distribution and coverage
area of the Family Health Teams (FHT) for the year 2015 (RTM projection, DATUM SAD-69,
Shapefile format). In addition, a list containing the primary care health facilities was checked on
the health secretariat website to obtain the cadastral information and the geographical
coordinates of each health unit. Information on the presence and number of licensed FHT in the
health units previously identified, with or without oral health teams was collected from the National
Register of Health Establishments (CNES/Datasus).

Territorial units

The census tracts that compose each Human Development Unit (HDU) in the urban area of the
city of Manaus (State of Amazonas, Brazil) were identified. The Atlas of Human Development in
Brazil, provided by the United Nations Development Program (UNDP) through the website
www.atlasbrasil.org.br, was used to identify the HDUs. Then, the 2010 census tracts mesh of the
municipality (in KML format - Keyhole Markup Language), provided by the Brazilian Institute of
Geography and Statistics (IBGE), was visualized using the Google Earth® program. The two
territorial meshes — census tract and HDU — were superposed to identify which census sectors
compose each HDU. Then, a geographical database was constructed presenting the territorial
division of the urban area by HDU.

Social vulnerability

Two indicators of social vulnerability were constructed incorporating seven social vulnerability
indicators obtained from the Atlas of Human Development in Brazil, namely: 1 — Municipal Human
Development Index (HDI) 2010; 2 — Percentage of householders mothers without elementary
education and with underage children, in relation to the total number of mothers householders; 3 —
Percentage of people in households where no one has complete elementary education; 4 —
Dependency ratio (number of individuals aged 14 years or less and 65 years of age or over in
relation to the remaining population); 5 — Percentage of extremely poor people (per capita
household income < R$70.00 per month); 6 — Percentage of vulnerable to poverty people (per
capita household income < % minimum wage); 7 — Income per capita. These data were obtained
for each HDU of the urban area of the city of Manaus.

The social vulnerability indicators were constructed using the principal component analysis (PCA),
which allows obtaining an empirical summary of the data set by identifying the pattern of
correlations or covariance between standardized items. It generates a smaller number of new
latent variables, not observed, and calculated from the items. The first indicator did not consider
the HDU population size, while the second was constructed weighted by the incorporation of the
population size of each HDU, imputing a greater weight to the HDUs with greater number of
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inhabitants. The scores of both indicators were predicted for each HDU of the municipality. The
analyzes were performed in the software Stata MP, version 14.

Data analysis

The information was consolidated in databases and imported for manipulation and analysis in the
QGIS Geographic Information System, version 2.16 (Open Source Geospatial Foundation
Project). Maps with the quintiles distribution of the crude and weighted social vulnerability
indicators scores of HDUs were constructed. Then, the territories covered by the health teams
were overlapped. Finally, descriptive analyzes of each map were carried out with the purpose of
evaluating in which strata of social vulnerability the coverage areas were located.

RESULTS

A total of 186 health services with FHT were identified in the urban area of Manaus. Less than a
half (n=83) had also oral health teams.

The variables used to construct the social vulnerability indicators for the 198 HDUs of the
municipality are described in Table 1. In the PCA, evaluation of the eigenvalues through screeplot
and Kaiser criteria evidenced the unidimensionality of the construct. The item ‘per capita income’
was removed due to the factorial load was lower than 0.30 and uniqueness greater than 0.50.
Therefore, the social vulnerability indicator was predicted with the other six items. The model
adequacy analysis using the Kaiser-Meyer-Olkin statistic improved when this item was removed
(from 0.88 to 0.91), changing from good to excellent.

Table 1: Description of the indicators used in the study.

Indicator Median 1st quartile 3rd quartile
Municipal HDI 0.762 0.676 0.859
% Householders mothers without elementary

_ _ ) 11.4 2.8 22.5
education and with underage children
% People in households where no one has

) 8.8 3.2 17.4

complete elementary education
Dependency ratio 42.1 37.5 49.7
% Extremely poor 3.8 2.1 5.2
% Vulnerable to poverty 21.3 10.1 39.1
Income per capita (Brazilian real) 723.5 446.4 1348.9

Two maps were constructed for FHT and two for FHT with oral health teams: one presenting the
crude social vulnerability indicator and one presenting the indicator weighted by the population
size of each HDU. The four maps showed the strata of the social vulnerability indicators,
determined through the quintiles of the distribution, identified by different colors and the layer with
the coverage area of health teams was superimposed on hatch pattern.

The coverage areas of health units with FHT were concentrated in the strata in which the indicator
presented the highest scores (greater vulnerability). The first stratum, representing the least
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vulnerability, harbored only 0.7% of the territory covered by the teams. The second, the third and
the fourth strata comprised 6.6%, 30.6% and 31.6% of FHT coverage, respectively. The HDUs
that constituted the stratum of greater vulnerability contained 30.5% of the coverage (Figure 1).

Figure 1: Social vulnerability in the human development units and distribution of family health
teams coverage areas, Manaus, Amazonas.

Legend
Coverage area - Family health teams

Vulnerability indicator

Lower vulnerability

l 0 2.5 5 km
== I I
Bl Greater vulnerability

Oral health teams were also concentrated in the strata of greater vulnerability (Figure 2). The first
and second strata comprised 1.1% and 2.3% of the covered territory, respectively. The third and
the fourth strata concentrated 22.4% and 27% of the oral health coverage. Almost half of the
territory covered by oral health teams (47.2%) was located in HDUs with the highest scores of the
social vulnerability indicator, which means greater vulnerability.
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Figure 2: Social vulnerability in the human development units and distribution of oral health teams
coverage areas, Manaus, Amazonas.
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Regarding the weighted indicator, it was observed that approximately one fourth of the total FHT
coverage area (25.1%) was located in the HDUs that composed the first stratum and 7.1%, in the
second stratum. Lower percentage coverage (3.3%) was found for the third stratum, and 9.3% of
the territory coverage was located in the fourth stratum. The highest percentage of FHT territory
coverage was located in HDUs that represented the most vulnerable stratum (55.2%) (Figure 3).
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Figure 3: Weighted social vulnerability in the human development units and distribution of family
health teams coverage areas, Manaus, Amazonas.
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Figure 4 shows the distribution of oral health teams according to the weighted vulnerability
indicator. The first stratum included 20.7% of the total area covered by the teams, corresponding
to the second highest percentage. The second and third strata had the lowest coverage
percentages (3.4% and 2.9%, respectively). The fourth stratum comprised 5.2% of the coverage
and the highest percentage of coverage (67.8%) was located in the HDUs of greater social
vulnerability, the fifth stratum.
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Figure 4: Weighted social vulnerability in the human development units and distribution of oral
health teams coverage areas, Manaus, Amazonas.
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DISCUSSION

The analysis of the spatial distribution of health services in primary care considering the social
characteristics of the territory showed that the health teams, including oral health teams, were
concentrated in the areas of greater vulnerability of the municipality of Manaus, according to the
proposed indexes. However, when considering the population size, despite the predominance of
teams in areas of greater vulnerability and more populous, there was a significant increase of the
teams in areas of lower weighted social vulnerability, to the detriment of the other intermediate
strata.

The concentration of health teams observed in deprived areas seems to meet the equity in access
to health services, considering the social inequalities. Besides impacting directly on health, the
latter is also one of the factors that determine the chance one is admitted to the health care
system. Organizing the primary care as the preferred gateway to the health system is an
important strategy to promote equity in the delivery of services. Equity in access to health
services aims to reduce differences and the interference of factors considered avoidable, and in a
fair way, to compensate the inequalities in health, considered as a reflection of social inequalities
(Consenza, 2002; Sawyer et al., 2002; Lora, 2004; Goldbaum et al., 2005).

To the authors’ knowledge, there are no similar studies set in other locations in Brazil. Although
territorial differences in accessibility between urban and rural areas have been described more
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frequently (Mcgrail e Humphreys, 2015; Shiika et al., 2015), the role of inequities within the urban
areas of the municipalities is also recognized (Brown et al., 2016). Vulnerability would be a proxy
for the social inequalities, representing the conditions that contribute or indicate a greater
susceptibility of individuals to health problems (Birch et al., 1996; Todd et al., 2015; Shah et al.,
2016).

Two indicators of social vulnerability were constructed based on primary indicators. Besides the
reproducibility, spatial disaggregation, comparability, periodicity and reduced cost, the literature
emphasizes the importance of using composite indicators, seeking a broader approach to social
reality (Torres et al., 2003; Luiz et al., 2009). The literature suggests that indicators of social
vulnerability can be used to guide the allocation of resources in primary care since they are
strongly related to the health needs of the population. These measures would be more relevant for
this purpose than others related to the utilization of services. The latter can be misled in areas
with hindered access to health care and, consequently, less use of services (Sundquist et al.,
2003).

In addition to the context of social vulnerability, the distribution of the population is another
relevant aspect to be considered when planning health actions and services. The approximation
between services and vulnerable and populous regions should be prioritized, widening the
geographical accessibility to the users, particularly in locations with low coverage of health
services. The allocation or displacement of teams to strata three and four could ensure an even
more equitable distribution of primary health care in the municipality.

Even though a trend towards equity in the distribution of health services has been observed in the
municipality, the low availability of services with FHT, especially oral health teams, is remarkable.
The most deprived stratum comprised the majority of FHT, but they are also characterized by low
coverage of health services. These areas are populous and represent large territorial extensions,
which means that access to health care is hindered to a huge part of the population, even
considering the coverage of the traditional model of care that persists in part of the municipality.

A strategy initially used to evaluate diseases, the spatial analyses applied enabled the health
teams’ territorial distribution over different social areas was pictured. Acquiring information on
georreferencing propitiates a concrete representation of territorial distribution of the constructs
evaluated, namely health services and social vulnerability (Nardi et al., 2013). This is especially
relevant in locations with low service coverage, as it allows the identification of the spatial
distribution of health inequities (Moreira et al., 2007). When performing a geographical reference
of health-disease process components (people, health services, health conditions and
determinants), a sociospatial individual, and not only biological, is considered. Reordering the
primary care based on the centered family care on the territorialization in health demands a
greater understanding of the social aspects that act on the health-disease process for planning
better the health interventions and actions (Lora, 2004).

The primary social indicators used derived from the 2010 demographic census. These are the
most current intramunicipal data available. Although some time has passed, it is expected that
findings were not affected once the changes on social status do not occur readily.

The adequate allocation of health services in primary care may also contribute to organize the
healthcare network, including the other levels of care. It is suggested that there is a relationship
between the lower availability of services in primary care and hospitalization due to preventable
causes and the use of emergency services caused by conditions that should be addressed in
primary care (Ceccon et al., 2014; Fishman et al., 2016).

The health teams, including oral health, were concentrated in the areas of greater social
vulnerability in Manaus, Amazonas. Considering the social vulnerability when planning the
healthcare delivery is a strategy to reduce barriers in access and benefit those with greater health
needs accessing health care, therefore ensuring equity in access to services. Thus, it might
contribute to health planning as it guides the rational use of available resources to reach the
purpose of favoring the improvement of the populations’ health and life conditions. Including the
population distribution in the territory would allow an even more equitable allocation of services in
terms of organizational accessibility.
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